Sagittal T2-weighted sequences (T2-SAG) are the foundation of spinal protocols when screening for the presence of intervertebral disc extrusion. We often utilize sagittal short-tau inversion recovery sequences (STIR-SAG) as an adjunctive screening series, and experience suggests that this combined approach provides superior detection rates. We hypothesized that STIR-SAG would provide higher sensitivity than T2-SAG in the identification and localization of intervertebral disc extrusion. We further hypothesized that the parallel evaluation of paired T2-SAG and STIR-SAG series would provide a higher sensitivity than could be achieved with either independent sagittal series when viewed in isolation. This retrospective diagnostic accuracy study blindly reviewed T2-SAG and STIR-SAG sequences from dogs (n = 110) with surgically confirmed intervertebral disc extrusion. A consensus between two radiologists found no significant difference in sensitivity between T2-SAG and STIR-SAG during the identification of intervertebral disc extrusion (T2-SAG: 92.7%, STIR-SAG: 94.5%, P = 0.752). Nevertheless, STIR-SAG accurately identified intervertebral disc extrusion in 66.7% of cases where the evaluation of T2-SAG in isolation had provided a false negative diagnosis. Additionally, one radiologist found that the parallel evaluation of paired T2-SAG and STIR-SAG series provided a significantly higher sensitivity than T2-SAG in isolation, during the identification of intervertebral disc extrusion (T2-SAG: 78.2%, paired T2-SAG, and STIR-SAG: 90.9%, P = 0.017). A similar nonsignificant trend was observed when the consensus of both radiologists was taken into consideration (T2-SAG: 92.7%, paired T2-SAG, and STIR-SAG = 97.3%, P = 0.392). We therefore conclude that STIR-SAG is capable of identifying intervertebral disc extrusion that is inconspicuous in T2-SAG, and that STIR-SAG should be considered a useful adjunctive sequence during preliminary sagittal screening for intervertebral disc extrusion in low-field magnetic resonance.
INTRODUCTION
Magnetic resonance has long been established as the gold-standard imaging modality for the evaluation of canine intervertebral disc disease-outperforming survey radiographs, radiographic myelography, and noncontrast computed tomography with regards to detection sensitivity. [1] [2] [3] [4] [5] [6] [7] [8] Sagittal T2-weighted sequences (T2-SAG) are the mainstay of spinal magnetic resonance protocols. [9] [10] [11] The T2-SAG images yield a presumptive lesion localization, which subsequently guides the focused acquisition of any additional magnetic resonance sequences that are required to fully evaluate the pathology in question. A previous publication suggests that isolated T2-SAG sequences can correctly identify the site of disc herniation in 85.2% of cases. 12 In our experience, sagittal short-tau inversion recovery (STIR-SAG) sequences have proven to be useful in identifying and localising intervertebral disc disease (or associated spinal cord pathology) in instances where T2-SAG has been unrewarding ( Fig. 1A-F) . The accuracy of T2-SAG has previously been compared to Vet Radiol Ultrasound. 2017;58:433-443.
c 2017 American College of Veterinary Radiology 433 wileyonlinelibrary.com/journal/vru F I G U R E 1 (A-F) Paired sagittal T2-weighted (T2-SAG)(left column) and sagittal short-tau inversion recovery (STIR-SAG)(right column) images from three different dogs with acute intervertebral disc extrusion. The lesions (circled) are in each instance notably more conspicuous in STIR-SAG than T2-SAG half-Fourier-acquisition single-shot turbo spin-echo during the diagnosis of intervertebral disc disease. 13 To our knowledge however, no studies comparing the sensitivity of T2-SAG and STIR-SAG in the identification and localization of intervertebral disc disease have been published.
Preliminary sagittal screening is fundamental in the design of a systematic, focused, and efficient spinal magnetic resonance protocol: additional imaging planes cannot be accurately planned without the presumptive lesion localization that sagittal images provide. Consequently, it is crucial that the most sensitive sagittal screening protocol is employed to avoid false negative diagnoses and premature termination of the scan. The STIR sequences exploit the very short T1 relaxation time of fat to nullify signals originating from tissues with a high fat content. A standard spin-echo sequence is initiated at a specific time (ln2 T1 FAT ) after the application of a 180°inversion radiofrequency pulse (short time of inversion). At that moment the net longitudinal magnetization within fat tissue is zero and thus no transverse magnetization is produced for signal detection during the standard spin-echo sequence. [14] [15] [16] The resultant image is heavily T2-weighted but with the additional advantage of fat suppression. STIR sequences also provide a high contrast-to-noise ratio due to the additive affects of both T1 and T2 relaxation times on image contrast. 17 These phenomena explain why there is an increased conspicuity of tissues with increased water content within STIR series-which can prove advantageous to the detection of pathological states. [17] [18] [19] [20] [21] [22] The STIR sequences will also reduce the chemical shift artefact detected at the perimeter of any organ when surrounded by fat. 16 These mismapping artefacts in the frequency-encode direction result from the differential electron cloud shielding experienced by fat-bound protons relative to water-bound protons. The reduction of chemical shift artifact is an advantage shared by all fat suppression methods. STIR however is generally considered a more suitable fat suppression technique than chemical shift selective fat saturation in the context of low-field magnetic resonance-as the overlapping spectral peaks of water-bound and fat-bound protons at lower magnetic field strengths largely restricts the application of spectrally selective suppression methods. Furthermore, being less susceptible than chemical shift selective to magnetic field inhomogeneity, STIR can provide more uniform fat suppression across the field of view when using a low-field permanent magnet, where inherent field inhomogeneity is more commonly experienced than with a high-field superconducting system. 16 The aim of this study was to determine if STIR-SAG could be considered as a valid alternative to T2-SAG, or as a useful adjunctive sequence to use alongside T2-SAG, in the identification and localization of intervertebral disc extrusion-specifically in the context of lowfield magnetic resonance spinal protocols. We hypothesized that STIR-SAG would be more sensitive than T2-SAG in the identification and localization of intervertebral disc extrusion, during preliminary sagittal screening of the vertebral column. We further hypothesized that the concurrent evaluation of these two sagittal sequences in parallel would offer a further significant improvement in sensitivity, relative to that which either T2-SAG or STIR-SAG could achieve when viewed in isolation.
MATERIALS AND METHODS

Dogs
The study was performed as a retrospective diagnostic accuracy study.
The medical records of all dogs that underwent spinal magnetic resonance at DWR Veterinary Specialists between March 2010 and June 2015 were reviewed. Dogs selected for the study were categorized into two groups: (i) the test population and (ii) the control population.
After referencing the surgical reports produced by a board-certified veterinary neurologist following decompressive surgery, dogs with a definitive diagnosis of thoracolumbar or lumbar intervertebral disc extrusion were retrospectively recruited into the test population. Dogs with compressive intervertebral disc protrusion were excluded from the study to maintain a more homogeneous population. Intervertebral disc extrusion was differentiated from intervertebral disc protrusion based on the visual identification of extruded disc material and/or hemorrhage within the epidural space at the time of surgery.
The presumptive magnetic resonance diagnosis and localization of intervertebral disc extrusion needed to have been validated by surgical confirmation in all instances for dogs to be included in the test population.
A control population was included in the study to minimize interpretation bias. The control group consisted of randomly selected dogs that had no pathology of the vertebral column or spinal cord within the field of view required for this study. The final diagnoses recorded for all dogs within the control population were unrelated to intervertebral disc disease, and there was no evidence of compressive spinal cord pathology on magnetic resonance in any of these patients, based on the evaluation of a board-certified veterinary radiologist. These control dogs all demonstrated some degree of clinical improvement without the need for surgical decompression. When available within our practice, the future medical records of all patients within the control population were carefully scrutinized, to ensure that these dogs did not develop future neurological signs referable to intervertebral disc extrusion.
For both populations to comply with the inclusion criteria, the magnetic resonance study available for each respective patient needed to include paired T2-SAG and STIR-SAG series, acquired from an identical region of the vertebral column. The magnetic resonance images also had to have been acquired using a low-field, 0.4T, permanent openmagnet (Aperto, Hitachi Medical Corporation) with patients positioned in dorsal recumbency. Dogs were excluded from the test population based on the following criteria: (i) a history of previous intervertebral disc disease, (ii) a history of previous spinal surgery, (iii) those where magnetic resonance had detected concurrent spinal pathology unrelated to intervertebral disc extrusion (e.g. FCE, discospondylitis, or neoplasia), (iv) any suspected high-velocity low-volume noncompressive disc extrusions (due to the requirement of surgical confirmation of intervertebral disc extrusion), and (v) dogs where multifocal intervertebral disc disease had resulted in the recommendation of surgical decompression at multiple intervertebral disc spaces. a free text description of any additional pertinent comments (e.g., a subjective assessment of image quality or references to specific difficulties encountered during interpretation). During the third stage of study (paired sagittal series evaluation), both radiologists were also asked to record their subjective impression of which sagittal series had mostly clearly displayed the lesion in question (voting for either T2-SAG, STIR-SAG, or stating that both series provided comparable lesion conspicuity).
Magnetic resonance imaging data recorded
Data analyses
Sensitivity data pertaining to the identification and localization of intervertebral disc extrusion was calculated under two separate test scenarios. The first scenario calculated the sensitivity of each sagittal screening protocol to accurately "localize" intervertebral disc extrusion with a single disc space selection. In the second test scenario, the overall sensitivity of each screening protocol during the "identification" of intervertebral disc extrusion was calculated, based on the range of intervertebral disc spaces recommended by the radiologist for further interrogation with transverse imaging planes. In both situations, the sensitivity reported equated to the percentage of patients where intervertebral disc extrusion was correctly "localized" or "identified," respectively, when employing each of the three proposed sagittal screening protocols in turn.
To avoid confusion and for the purposes of this study, the successful "localization" of intervertebral disc extrusion is hereafter considered to be any occasion when the single intervertebral disc space, selected by the radiologist as the major site of spinal cord compression, correlated with the site of intervertebral disc extrusion confirmed by surgical intervention. Conversely, the successful "identification" of intervertebral disc extrusion is hereafter considered to be any occasion where the range of intervertebral disc spaces, recommended further evaluation with transverse imaging planes, included the true site of intervertebral disc extrusion confirmed during surgery. The surgical gold-standard for lesion localization was further corroborated by referencing against the former magnetic resonance report, provided by the acting radiologist at the time of the initial investigation, who had access to the full complement of sequences.
The total number of misdiagnoses was calculated for each of the three respective stages of the study. Misdiagnoses were awarded to any test patient where a false negative diagnosis had been obtained, or where intervertebral disc extrusion had been diagnosed by the radiologist but either "mislocalised" (with the single intervertebral disc space selected by the radiologist failing to match the surgical gold standard) or "misidentified" (with the radiologist failing to mention the surgical site within their list of suspect intervertebral disc spaces).
During the parallel evaluation of the T2-SAG and STIR-SAG series, a positive outcome was considered to be any occasion when intervertebral disc extrusion was correctly "localized" or "identified" in both sagittal series concurrently, or in either single sagittal series independently from the second. and odds ratios with a 95% confidence interval were also calculated.
The same test conditions were also used to elucidate if any statistical significance existed between the performance of T2-SAG and STIR-SAG, after the radiologists subjectively ranked which of the two sequences most clearly demonstrated the lesion in question during paired series reviews. A paired t-test was used to compare the confidence ratings recorded by reviewers during the each of the three successive stages of sagittal image evaluation. Wherever P-values were calculated a threshold of P < 0.05 was always used as a determinant of statistical significance. P-values were corrected for multiple testing using the false discovery rate approach formerly described. 23 
RESULTS
Dogs
A total of 110 patients with intervertebral disc extrusion met with the inclusion criteria for the test population (43 female and 67 male). The control population included the following breeds: Jack Russell Terrier (n = 3), Labrador Retriever (n = 3), and a collection of multiple other breeds (n = 13). The final diagnoses reached for patients within the control population were as follows: meningoencephalomyelitis of unknown origin (n = 6), myositis (n = 3), suspected discogenic pain without disc herniation (n = 2), hip dysplasia (n = 2), panosteitis (n = 1), cystitis (n = 1), degenerative myelopathy (n = 1), neurointoxication (n = 1), neosporosis with necrotising cerebellitis (n = 1), and idiopathic collapse (n = 1). When combining the studies from both the test population (n = 110) and the control population (n = 19) a total of 258 sagittal series were reviewed (T2-SAG = 129 and STIR-SAG = 129), which F I G U R E 2 A chart comparing the relative sensitivity of sagittal T2-weighted (T2-SAG) and short-tau inversion recovery (STIR-SAG) images, when used in isolation and in parallel, during the identification and localization of intervertebral disc extrusion respectively consequently resulted in a total of 774 individual imaging reports being obtained by the combined effort of both radiologists throughout all three phases of sagittal image evaluation.
Magnetic resonance imaging techniques
The primary results regarding the relative sensitivity of T2-SAG in isolation, STIR-SAG in isolation, and the paired T2-SAG and STIR-SAG series, during the identification and localization of intervertebral disc extrusion, are summarized in Tables 1 and 2 . The localization and identification rates for each sagittal screening protocol are also represented graphically in Figure 2. 
First test scenario: Which sagittal screening protocols localizes intervertebral disc extrusion to a single intervertebral disc space most sensitively?
When the radiologists were requested to specify the single intervertebral disc location with evidence of clinically significant compressive intervertebral disc extrusion, a pattern emerged that generally indicated a slightly higher sensitivity for STIR-SAG relative to T2-SAG in the localization of intervertebral disc extrusion. A further slight increase in sensitivity was also noted when the performance of the paired T2-SAG and STIR-SAG series was compared to the use of either sagittal series in isolation. When considering the consensus derived from both radiologists, the relative sensitivity of T2-SAG in isolation, STIR-SAG in isolation, and the paired T2-SAG and STIR-SAG series, during the localization of intervertebral disc extrusion, was 89.1%, 90.0%, and 94.5% respectively. The odds of achieving the correct localization of intervertebral disc extrusion when evaluating the paired T2-SAG and STIR-SAG series were 2.5 times higher than found when using T2-SAG as an isolated screening series--but this respectively. When restricted to the selection of a single intervertebral disc space, misdiagnosis most frequently resulted from the TA B L E 2 Relative sensitivity of sagittal T2-weighted and sagittal short tau inversion recovery series in the identification of intervertebral disc extrusion Radiologists were asked to specify any number of intervertebral disc spaces with potential intervertebral disc extrusion, where further transverse imaging planes would be recommended. IVDE, intervertebral disc extrusion; T2-SAG, sagittal T2-weighted; STIR-SAG, sagittal short tau inversion recovery.
provision of a false negative diagnosis with both T2-SAG (31/220) (14.1%) and STIR-SAG (28/220) (12.7%), and also when using the paired sagittal series (19/220) (8.6%). Misdiagnoses due to the mislocalization of intervertebral disc extrusion occurred with a lower frequency in T2-SAG (16/220) (7.3%), STIR-SAG (8/220) (3.6%), and the paired sagittal series (8/220) (3.6%).
Second test scenario: Which sagittal screening protocol most sensitively identifies the site of intervertebral disc extrusion after selecting a range of suspicious intervertebral disc spaces?
When given the option of flagging multiple intervertebral discs spaces for further interrogation, the sensitivity of T2-SAG (92.7%), STIR-SAG (94.5%), and the paired T2-SAG and STIR-SAG series (97.3%), during the identification of intervertebral disc extrusion, showed further moderate improvement based on a consensus approach. The odds of successfully identifying intervertebral disc extrusion with the paired sagittal series were 6.0 times greater than found when using T2-SAG as an isolated screening series--but this difference was not considered statistically significant (P = 0.392, X 2 = 2.286, OR = 6.000, 95% CI 0.728-
275.986).
When considering the first radiologist independently, a significant difference was noted between the sensitivity of T2-SAG as an 
Confidence ratings from radiologists during image evaluation
When considering both radiologists in combination, the mean subjective confidence rating (1) (2) (3) (4) (5) given to T2-SAG in isolation, STIR-SAG in isolation, and the paired T2-SAG and STIR-SAG series was 4.12, 4.33, and 4.60, respectively. The confidence rating awarded during the evaluation of STIR-SAG in isolation was significantly greater than that awarded to T2-SAG in isolation (P = 0.041). The confidence rating awarded during the evaluation of the paired T2-SAG and STIR-SAG series was also significantly greater than that awarded during the evaluation of either T2-SAG in isolation (P = 0.0001) or STIR-SAG in isolation (P = 0.001).
When evaluating the T2-SAG and STIR-SAG series in parallel during the third stage of the study, the radiologists were asked to record subjectively which of the two series most clearly displayed the lesion.
When the results of both radiologists were combined, they reported the lesion to be most clearly identifiable in STIR-SAG in 75/258 (29.1%) cases versus being most conspicuous in T2-SAG in 50/258 (19.4%)
cases-which constituted a statistically significant difference in subjective lesion clarity between the two sagittal series (P = 0.032, X 2 = 4.608, OR = 1.500, 95% CI 1.035-2.190). The reviewers considered the lesion to be equally conspicuous in both sagittal series in 133/258 (51.6%) cases.
DISCUSSION
Throughout this study we have referred to two distinct and separate test scenarios. We have firstly tested the ability of each alternative sagittal screening protocol to "localize" intervertebral disc extrusion, under circumstances where the radiologists were restricted to the selection of a single intervertebral disc space. Secondly, we have tested the maximal sensitivity of each alternative sagittal screening protocol during the "identification" of intervertebral disc extrusion, when radiologists were unrestricted with regards to the number of suspicious intervertebral disc spaces that could be flagged for further image acquisition. This distinction was considered necessary, as the first scenario tests the ability of each screening protocol to accurately localize intervertebral disc extrusion within the vertebral column-thereby reflecting the ability of each protocol to rapidly focus the acquisition of further imaging planes-but the second scenario more closely reflects the procedure followed in an optimal clinical setting-whereby any suspicious lesions would be further investigated with transverse series, to help confirm or exclude the presence of pathology and ensure the highest possible lesion detection rates.
The first aspect of our hypothesis was not supported. Despite the slightly higher sensitivities recorded when evaluating STIR-SAG relative to T2-SAG, overall there was no statistically significant difference between the maximal sensitivity of T2-SAG (89.1%) and STIR-SAG (90.0%) during the localization of intervertebral disc extrusion (P = 1.000), or between the maximal sensitivity of T2-SAG (92.7%) and STIR-SAG (94.5%) when comparing their overall ability to identify intervertebral disc extrusion within the vertebral column (P = 0.752). When viewed in isolation, the two proposed sagittal screening sequences performed very similarly with respect to both the identification and localization of intervertebral disc extrusion, and therefore at present there can be no recommendation for replacing T2-SAG with STIR-SAG, which remains in concordance with common practice regarding current veterinary spinal protocols.
As hypothesized, the parallel evaluation of the paired T2-SAG and STIR-SAG series provided a higher sensitivity, during the localization (94.5%) and identification (97.3%) of intervertebral disc extrusion, than could be achieved when using either sagittal screening series in isolation. The improved sensitivity observed during parallel series evaluation did not however constitute a statistically significant difference when considering the consensus derived from both radiologists.
Our second hypothesis was partially supported however, as for one individual radiologist the evaluation of the paired T2-SAG and STIR-SAG series was found to significantly outperform T2-SAG as an isolated screening series with regards to both the localization and identification of intervertebral disc extrusion (P = 0.011 and P = 0.017, respectively). This finding indicates that STIR-SAG is a beneficial adjunctive screening series for certain radiologists, and can help to improve lesion detection rates by identifying disc-related pathology that may be inconspicuous in T2-SAG. This is further supported by the fact that intervertebral disc extrusion was successfully identified by STIR-SAG in 66.7% of test patients that has previously received a false negative diagnosis on the basis of isolated T2-SAG evaluation.
Conversely, intervertebral disc extrusion was successfully identified by T2-SAG in 57.9% of patients where the evaluation of STIR-SAG is isolation had led to the provision of a false negative diagnosis.
Overall, our findings emphasize the potential benefit of employing a sagittal screening protocol that is strengthened by combining the different advantages conferred by two different pulse sequences. We therefore conclude that STIR-SAG should be considered as a useful adjunctive sequence to T2-SAG during preliminary lesion localization.
This combined sagittal screening approach will inevitably extend scanning times (by approximately 5 min with our low-field magnetic resonance system), but could potentially reduce the risk of premature termination of the scan following an apparent absence of pathology on the T2-SAG series. Utilizing two sequences also significantly improved the reviewer confidence regarding lesion localization-with the lesion thought to be better visualized on STIR-SAG (29.1%) more frequently than on T2-SAG (19.4%).
The identification rate for intervertebral disc extrusion in our sagittal sequences was similar to that previously reported. The T2-SAG series have previously been reported to be 85.2% sensitive for the detection of intervertebral disc disease in dogs, 12 compared with a sensitivity ranging from 78.2% to 92.7% reported in this study. The maximal sensitivity value quoted here reflects the sensitivity achieved for T2-SAG when both radiologists were offered the opportunity to raise a concern with as many intervertebral disc spaces as desired. We believe that this approach is most representative of a true clinical scenario, whereby any suspicious intervertebral disc spaces would be flagged for further evaluation before attempting to reach a conclusion. The former study is not directly comparable to our study, as it evaluated the sensitivity of T2-SAG in the localization of disc herniation generally, without an exclusive focus on disc extrusion. It is plausible that disc protrusion is more accurately localized than disc extrusion, due to the lack of dispersal of disc material throughout the vertebral canal, and this may partly account for the very minimal difference in sensitivity reported between the two studies.
Misdiagnoses within the test population were more commonly related to the allocation of false negative diagnoses than due to the mislocalization of the lesion within the vertebral column. The frequency of lesion mislocalization after a single intervertebral disc space selection was indeed low in T2-SAG (7.3%) and in both STIR-SAG and the paired sagittal series evaluation (both 3.6%). Similarly, the misidentification of intervertebral disc extrusion, after the selection of multiple intervertebral disc spaces, was also low for T2-SAG (4.5%) and for both STIR-SAG and the paired sagittal series (both 3.2%). Lesion mislocalization or misidentification could result from miscounting errors, when allocating a detected lesion to a specific intervertebral disc space-but this is highly unlikely to have occurred considering that a labeled vertebral body was consistently provided as a reference point to reviewers. We speculate that a more likely explanation for mislocalization errors would be the widespread dispersal of extruded disc material and extradural hemorrhage throughout the vertebral canal, across multiple intervertebral disc spaces, which would inevitably complicate the identification of which intervertebral disc was actually implicated in the disease process. Alternatively, other noncompressive intervertebral disc disease within the field of view may have been mistakenly classified as the most clinically significant lesion based on sagittal screening alone. This would imply that when determining which intervertebral disc space is most in need of surgical decompression the concurrent evaluation of transverse imaging planes remains essential. The original magnetic resonance study from each patient was reviewed in its entirety by the resident prior to inclusion in this project, confirming that the site of intervertebral disc extrusion recorded in the surgical report concurred with the magnetic resonance study, and ruling out other secondary sites of spinal cord compression that could confuse the observers during the evaluation phase.
There are inherent limitations to relying upon a surgical gold standard in the localization of intervertebral disc extrusion, as understandably the discovery of extruded material or hemorrhage at one intervertebral disc space does not exclude the presence of compressive extradural material at other locations. Given that all patients included in our test population recorded a clinical improvement after decompressive surgery was performed at a single intervertebral disc space, it is assumed that the major site of spinal cord compression due to intervertebral disc extrusion correlated with the chosen surgical sites in all cases.
The STIR sequences have a relatively poor signal-to-noise ratio relative to T2-weighted sequences, resulting from the incomplete recovery of longitudinal magnetization within nonsuppressed tissues (following the inversion pulse) prior to the initiation of the standard spin-echo sequence. 16 The STIR-SAG images obtained with our magnetic resonance system also seem more susceptible to signal fallout at the periphery of the field of view compared with T2-SAG images.
Despite such factors the reviewers never raised a concern regarding the diagnostic quality of any STIR study. Peripheral signal dropout should however be taken into consideration during study acquisition, as this may necessitate that the region of interest within the vertebral column be imaged with multiple successive and overlapping fields of view, to obtain suitable clarity at every intervertebral disc level.
One limitation relating to our study is that the inclusion criteria All image optimization, such as windowing, was performed at the discretion of a radiology resident, prior to the exportation of images in a JPEG movie format. The inability of each radiologist to personally manipulate the images may have had some negative impact on the sensitivity data reported in this study. The total number of comments pertaining to poor image quality was however low for both T2-SAG (13/774) (1.7%) and STIR-SAG (20/774) (2.6%)-and therefore the negative impact of this predetermined optimization on the sensitivity data reported herein is likely negligible.
Patients with intervertebral disc extrusion in the cervical region of the vertebral column were not included in this study, and the sensitivity of T2-SAG relative to STIR-SAG at locations outside of the thoracolumbar region remains unclarified.
A further potential limitation of this study was the relatively small size of the control population (n = 19) relative to the test population (n = 110). The main justifications for including a control population altogether were to minimize interpretation bias and better reflect a clinical environment. The control population provided the radiologists with the option of labeling a study as normal, if they considered there to be no evidence of intervertebral disc extrusion. This approach was essential to prevent the reviewers from excessively scrutinizing every study in the knowledge that a lesion was definitely present in every case. As the reviewers were blinded to the relative number of cases within the respective test and control populations, we concluded that the influence of the smaller control population was likely negligible. To conclude, our study failed to demonstrate a significant difference between the sensitivity of T2-SAG and STIR-SAG sequences as independent screening series during the identification and localization of intervertebral disc extrusion. Nevertheless, the current study did in part support our secondary hypothesis that the combined evaluation of both sagittal sequences in parallel can significantly increase the sensitivity of the preliminary screening phase of a spinal protocol.
A trend toward improved lesion detection rates was observed during paired sagittal screening for both radiologists, though statistical significance was only observed by one individual. We therefore recommend that STIR-SAG should be considered a useful adjunctive sequence, to improve operator confidence and help minimize false negative diagnoses, whenever a lesion has not been identified on preliminary T2-SAG screening. We suggest that the benefits of STIR-SAG should be given consideration before concluding that intervertebral disc extrusion does not exist within the scanned field. 
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